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ABSTRACT 



A system for measuring electric fteld strength of radio waves 
transmitted from cell station and arriving at an arbitrary 
measuring location is provided that includes a tuner unit, cell 
station ID (CS-ID) deniodulator unit, signal level (or electric 
field strength) detector (RSSI detector), memory unit, dis- 
play unit, and controller (CPU). CS-ID codes included in 
radio waves from cell stations and transmitted to an arbitrary 
measuring location are detected by the demodulator unit, 
and electric field strength (RSSI) data of the received radio 
waves are detected by the RSSI detector. All sets of the 
CS-ID and RSSI data are stored at addresses in the memory 
unit corresponding to each of the measuring locations, and 
the stored sets of the CS-ID data and RSSI data are read from 
the memory unit and displayed on the display unit in 
association with information indicative of the measuring 
location. 

18 Claims, 7 Drawing Sheets 
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SYSTEM AND METHOD OF MEASURING field strength at each measuring point in a color correspond- 

ELECTRIC FIELD STRENGTH ing to each value on a displayed map, to reveal the state of 

a service area for a PHS visually and easily. 

BACKGROUND OF I'Hli INVEN TION The present invention provides a system for measuring 

•nie invention is directed to a system and method of ' fi^l" «'f"S"' °^ """^^ transmitted from cell 

measuring electric field strength of radio waves arriving at ^'^''^"^ arriving at an arbitrary measunng location. Tins 

an arbitrary point. In particular, to a system and method of ^y^'.-^™ "f* » 'dentificauon code detection umi for detecting 

measuring and coUecting electric field strength data of radio identification codes (CS-ID) included in respective 

waves at an arbitrary point, which are transmitted from cell ,„ "^^'"^ ,f « measurmg location, the CS-ID 

stations (CSs) of a personal handy phone system (PHS) is '° ""^^^ representing cell stations which transmit the radio 

described waves, respectively. The system further includes an electnc 

. . , . . field strength detection unit detecting electric field strength 

In recent years, personal handy phone systems that (j^g^,) ^^^^-^^ respective radio waves, 

improve the functionahty of a digital cordless telephone ^ r .u irx ^ . j ■ . j ncoi j * 

..Ji.^ *^ ^^t^^A I*. ,««i;o.Ku fr^n ..o<.hi/^.,^r. The sets of the CS-ID data and associated RSSI data 

system to extend its applicable area to be usable even . .ill j c - jj • • j. 

, . . . 1 detected by the identification code detecting unit and the 

outdoors have been put to practical use. , • ^ , t . . . • j . 

electnc field strength detecting unit, are stored in addresses 

In the PHS, cell stations must be mstalled on public corresponding to each of the measuring locations, 

telephone boxes poles, roofs of buildmgs and so on, such ^ , ^^.^ displaying on a display screen all sets 

that PHS terminals or personal staUons (PSs) can be used as ^S-ID data and RSSI data read from the storage unit 

a simple portable telephone outdoors. In addition, such cell 20 • „„-,u .■ -^^ ^^Z, * 

. , . „ , ... , . , , in association with into rmation indicaiive 01 the measunng 

stations must be mstailed on ceilings and in underground 1 • 1 * n . i •. • * • 

, ? . ^ , location IS also present. Fmally, a control unit is present in 
streets to allow use of personal stations even m an under- « „ r . n- »• r j »• 
*: . „ . ^ . the system for controlhng operation of the identification 
ground environment. The installation of these cell station j j * •* .u 1 . • c u * *u j * *■ 
^ , , . . , . code detecting unit, the electnc field strength detecting unit, 
enables the personal stations to be used in radio zones, 01 ,u * % j *u j- 1 

, . , „ • the storage units, and the display unit, 

associated cell stations, thus allowing contmuous commu- 25 ™_ , 

. ° The present invention also provides a method of measur- 

mention * 

ing electrical field strength of radio waves transmitted from 

A radio zone covered by a ceU station, i.e a micro ceU g,^,;^^^ ^^ving at an arbitrary measuring location, 

zone has a radius of. for example, approximately 300 meters. j^e first step consists of detecting cell station identification 

It is well known, however, that a range in which a caU can ^^^^ (CS-ID) included in respective radio waves received 

be initiated and received is generally limited by inseasitive 30 ^ measuring location, the CS-ID codes representing cell 

zones due to obstructions such as buildings, and thu.s all g,^,;^^^ (^3^3^;, ^^^^ ^^^ -^ ^^^^^^ respectively. A step 

micro ceU zones do not generally have a uniform radius. ^f detecting electric field strength (RSSI) of the received 

/Uso, a cell station is generally allocated a hmited number respective radio waves is also present. A third step consi.sts 

of channels, for example, four, so that a multiphcity of cell of storing all sets of the CS-ID data and associated RSSI data 

stations must be installed in highly frequently accessed areas 35 j^^^^,^^ ^^^^ of measuring locations, in addresses cor- 

such as downtown, where many PHS terminals may be used responding to the measuring location of a storage device, 

simultaneously. By doing this, the number of available pj^^,, „f ^S-ID data and RSSI 

channels is increased and thereby communications can be ^^^^ ^^J^^^^ ^^^j^ ^. ^ ^. 

made With the PHS terminals through the channels. ... . . . f. <• • i- r .l. 

^ ' device in association with iniormation indicative of the 

In installing cell stations, detecting coverage of each cell measuring location, 

station to reveal the state of a service area for the PHS is ^ mentioned above, the invention is further directed to 

necessary. Conventionally, to reveal the state of a service improving the efficiency of measuring electric field strength 

area, an operator manually marks each measuring point on ^y displaying a map with marks on the display. In the 

a map, wntes measured electnc held strength values of -^^ embodiment, the storage unit previously stored 

signals received at the measuring point, near the marked - ^^^^ representing a map including the measuring 

point, and analyzes the measured values to reveal the state ^^^^^-^^ displayed on the display unit and the system 

of a scivicc area. Consequently, the conventional measunng ^^^^od can execute a measuring point plot mode. In this 

method entails extremely low working efficiency. ^^^^^ ^^en a measuring point is designated on the map 

SUMMARY OF THE INVENTION 50 displayed on the display unit, addresses in the storage unit 

corresponding to the coordinates of the designated measur- 

In view of the problems of the prior art mentioned above, ing point on the map are specified, all sets of CS-ID data and 

the invention provides a method that improves the efficiency RSSI data arc stored at the specified addresses, and a 

of measuring electric field strength data by employing a measuring point mark is placed at the designated measuring 

system comprising a combination of an electric field 55 point on the map. 

strength measurement apparatus, a computer system and a The present invention is further adapted to execute a plot 

display. confirmation mode, a plot deletion mode and/or a cell station 

The invention is further directed to improving the work- plot mode, 

ing efficiency of measuring electric field strength data in the In the plot confirmation mode, when a measuring point is 

system mentioned above, by displaying a map with marks on eo designated on the map displayed on the display unit, 

the display. addresses in the storage unit corresponding to the coordi- 

Finally, this invention provides an electric field strength nates of the designated measuring point on the map are 

measurement system and method that can process a collec- specified to read all the sets of CS-ID data and RSSI data 

tion of measured data to display and identify the number of from the designated addresses and the sets of the read CS-ID 

receivable cell stations at each measuring point, a received 65 data and RSSI data are displayed on the display unit, 

electric field strength level from a given cell station at each In the plot deletion mode, when a measuring point is 

measuring point, or a maximum level of received electric designated on the map displayed on the display unit. 
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addresses in the storage unit corresponding to the coordi- FIG. 2 is a flowchart representing a process from mea- 

nates of the designated measuring point on the map are suring electric field strength using the system shown in FIG. 

specified to erase the CS-ID data and RSSI data stored in the 1. 

storage unit and the measuring point mark on the map is piG. 3 is a flowchart of a process in an electric field 

deleted. s su-gngih measurement mode using the system shown in FIG. 

In the cell station plot mode when a cell station is ^ provided that the system has a map display hinction. 

designated on the map displayed on the display unit, an r.,^ ^ . /. . , , 

address in the storage unit corresponding to the coordinates 1 ^l"strates an example of an image displayed on a 

of the position of the designated ceU station on the map is ^^^^ ^ ^^P^^V ^^en electric field strength data are 

specified to store CS-ID code indicative of the cell station in measured in accordance with the flowchart shown m FIG. 3. 

the specified address, and a cell station mark at the position FIG. 5 is a flowchart of a process in a receivable station 

of the cell station is placed on the map. number color display mode which is executed after electric 

Further, the present invention is preferably adapted to field strength data have been measured in accordance with 

execute a communicable ceU station number color display the flowchart shown in FIG. 3. 

mode a particular cell station color display mode and or a pj^ 5 is a flowchart of a process in a given cell station 

maximum electric field strength color display mode. ^^lor display mode which is executed after electric field 

In the communicable cell station number color display strength data have been measured in accordance with the 

mode, addresses m the storage means coaespondmg to the flowchart shown in FIG. 3, and 

coordinates of aU the measuring points on the map on the ^ ■ o . ^ . . ^ , ^ 

display means are specified to read the CS-ID data stored ^ ^ ^ flowchart of a process in an maximum field 

therein, the number of the read CS-ID data for each mea- 20 strength color display mode which is executed after electnc 

suring point is counted, and the measuring points on the A^^^ strength data have been measured in accordance with 

maps are marked in colors corresponding to counted values, ^^e flowchart shown in FIG. 3. 

respectively, so as to display the numbers of communicable nPTAiF Fn nF^rRiPTiON of thf 

cell stations at the measuring points in the colors. DETAILED DESCRIPTION OF THE 

INVENTION 

In the particular cell station color display mode, when the 25 

position of a cell station is designated on the map displayed Referring to FIG. 1, a system for measuring electric field 

on the display unit, an address in the storage unit corre- strength of received signals according to the present inven- 

sponding to the coordinates of the position of the designated ^{q^^ illustrated in block diagram form. The system com- 

cell station on the map is specified to read the CS-ID data p^scs an antenna 1, a tuner unit 2. a signal level measuring 

indicative of the designated ceU station from the storage 30 detector (RSSI detector) 3, a cell station identification code 

umt^ In addition, addresses m the storage unit corresponding (^D-ID) demodulator unit 4, a clock generator (CLK) 5 for 

to the coordmates of afl the measurmg points on the map on 3 ^i^.k, a panel input key (KEY) 6, a micropro- 

the display means are specified to read the RSSI data from ^ /r^ji\n . o ^ 1 j 

the storage unit. Finally; only the RSSI data paired with the f^^} ^; ^ "^^"^^JlT.^' ' '"^ f."*'"f ^"^ 

read CS-ID data are extracted, and the associated measuring 3, ^' ^ "^'^^j^/ ^^^^^ |^ ^^T'^^^.^cn^r .^S^'l^ 

points on the map are marked in colors corresponding to the <^^Play ^^e like, an external mterface (SERIAL I/F) 11, 

value of the RSSI data, so as to display the electric field « backup power supply 12. 

strength of receivable radio waves transmitted from the The tuner unit 2 comprises first and second mixers 21, 22, 

designated cell station in the colors. a local oscillator 23 (LOCAL 1), a local oscillator 24 

In the maximum electric field strength color display (LOCAL 2), an IF filter 25. and an IF amplifier (limiter 

mode, addresses in the storage unit corresponding to the amplifier) 26. When signals are inputted to the tuner unit 2 

coordinates of all the measuring points on the map on the through the antenna I, the first mixer 21 mixes the input 

display unit are specified to read the RSSI data stored in the signals with the oscillation signal from the local oscillator 23 

storage unit. A maximum value of the read RSSI data for to tune a signal from a cell station, and outputs the tuned 

each measuring point is detected, and the associated mea- signal therefrom. 

suring points on the map are marked in colors corresponding 45 reference, the current PHS in Japan employs carrier 

to the detected maximum values, so as to display the f ^ncics in a 1.9 GHz band and the carrier frequencies 

maximum electnc field strength at the measuring points in .^^^^^^ Specifically, carrier frequen- 

ine colore. ...... r cies at 1895.1 MHz (carrier number 1) through 1917.95 

In addition, in the present invention, the position of a \aii^ / ;^ •7'7\ \ir«i,'„ 

*. 11 . .. . r 1 L MHz (carrier number 77) are employed. Witnm the range ot 

measurmg pomt or a cell station is specified on a map by 50 . . 1 • j r u • 

J- 1 J carrier numbers 1-77, particular ones are assigned for busi- 

clickine a corresponding position on the map displayed on . .1 . . n 10 -ti t-t 

. ^, Ai J- 1 • f ui ness use, and currently, earner numbers 12, 18, 73, 75, 77. 

the display means. Also, the display means IS preferably a . f ] ^. , ^no ■ • 

1- -J . 1 J- 1 and so on are assigned to particular PHS service companies. 

liquid crystal display. or r 

T, . . ... .11 etc J A PHS of a service company assigned a earner number 

The present invention IS particularly useful for consider- . - \ - 1 j 1 i . c n • 

1 • 4 II 4- J/ J I «• r niic 11 <:« (i.e., a camer frcquency) includcs 3 plurality ot ccll stations, 

ine additional installation and/or deletion of PHS cell ^5 v » . , . / . 

slalion. when il is applied lo measure electric field strength f^f," "^T^tch is assigned a cell station ident.ficat.on (CS- 

of radio waves from cell stations of a personal handy phone , '=f s<afon .ntermUtenlly transmits radio 

,T *• • . I' '/J* u waves including the assigned CS-ID code at regular inter- 

system. However, the present invention is not limited to be , - . ...... r . .. 

used in the PHS ^ ' example, 100 ms or the hke. Also, the plurality 

^ . r ML r finOf^'tJU stations transmit radio waves in a time -sharing 

Other features and advantages will become apparent from °" multiolex scheme 

the following description, including the drawings, and from ..^ ^ . \ 

the claims following description will be advanced in connection 

with an exemplary situation in which electric field strength 

BRIEF DESCRIPTION OF THE DRAWINGS of received radio waves from cell statioas in a PHS men- 

FIG. 1 is a block diagram illustrating an electric field 65 tioned above is measured at an ari^itrary point, 

strength measurement system according to the present Turning back to FIG. 1, the tuned signal from the first 

invention; mixer 21 is mixed with an oscillation signal from the local 
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oscillator 24 to be converted to an intermediate frequency 
signal, which is then supplied to the IF filter 25, The IF filter 
25. which has a bandwidth of 300 KHz (because of the 
interval of carrier frequencies set to 300 Kllz), supplies its 
output to the level measuring detector 3 through the IF 
amplifier 26. From the level measuring detector 3, a DC 
voltage representative of an amplitude level of the tuned 
signal is oulputted. The CPU 7 includes an A/D converter 71 
which converts the DC voltage from the level measuring 
detector 3 to level data in a digital form (or RSSI data). 

The signal from the IF amplifier 26 is also supplied to a 
modem 41 for n/4 shift QPSK demodulation of the CD-ID 
demodulator unit 4, and CD-ID data included in the tuned 
signal is demodulated in a CS-ID demodulating logic circuit 
42. The demodulated CS-ID data is supplied to the CPU 7, 
paired with the RSSI data from the A/D converter 71 in the 
CPU 7, and stored in a RAM 82 in the memory unit 8 at a 
predetermined address. The memory unit 8 also includes a 
ROM 81 which is a memory for storing programs for 
executing a measurement of electric field strength and so on. 

FIG. 2 shows a flowchart representing a measurement 
mode for measuring electric field strength of received sig- 
nals using the system illustrated in FIG. 1. The operation of 
the measurement mode will be described with reference to 
the flowchart. In the measurement mode which is executed 
based on a program stored in the ROM 81 in the memory 
unit 8, the CPU 7 first specifies a carrier number k (for 
example, 12, 18, 73, 75, 77, or the like) within currently used 
carrier numbers at step SI, and sets a corresponding fre- 
quency fk under measurement at step S2. For example, if a 
carrier number 77 is specified, a measurement frequency f77 
(=1917,95 MHz) is set. With the set of the measurement 
frequency, the local oscillator 23 in the tuner unit 2 is 
controlled to generate an oscillating signal such that a signal 
having the frequency fk is tuned within radio waves received 
by the antenna 1, by means of the local oscillator 23 and the 
first mixer 21 at step S3. 

The tuned signal is supplied through the second mixer 22, 
the IF filter 25. and the IF amplifier 26 to the CS-ID 
modulator unit 4, where CD-ID data from the tuned signal 
are demodulated. Also, an output from the IF amplifier 26 is 
supplied to the level measuring detector 3 which generates 
a DC voltage corresponding to an electric field strength level 
of the signal at frequency fk. 

The process flow next proceeds to step S4 to determine 
whether or not CD-ID data is detected. If CD-ID data is not 
detected, the detection of CD-ID data is continued until it is 
determined at step S5 that a predetermined time period T has 
expired. The predetermined time period T is set to a value 
equal to or more than an interval TO at which a cell station 
intermittently transmits radio waves. If no CS-ID data is 
detected even after the predetermined time period T has 
expired, this means that no signal at the set carrier frequency 
n< arrives at a current measuring point, so that the measure- 
ment mode is terminated. If it is determined at step S4 that 
CS-ID data is detected, the flow proceeds to step S6 where 
the CPU 7 fetches the DC current from the level measuring 
detector 3 through the A/D converter 71 to obtain digital 
RSSI data indicative of electric field strength of the received 
signal at the current time. Accordingly, the obtained RSSI 
data indicative of electric field strength of the received 
signal at the current time. Accordingly, the obtained RSSI 
data correspond the currently detected CS-ID data of a cell 
station. At step S7, the CPU 7 stores a set of the obtained 
RSSI and CS-ID data at a predetermined address of RAM 82 
associated with the measuring point, and subsequently dis- 
plays the set of the RSSI CS-ID data, in correspondence to 
each other, on the display unit 10 at step S8. 
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At step S9, it is determined whether or not all CS-ID data 
in the carrier frequency fk have been obtained. This deter- 
mination is executed by judging whether a previously 
detected CS-ID data is again detected. Alternatively, it may 

5 be made by determining whether the predetermined time 
period T(^TO) has expired. 

AYES branch from step S9 may be retumed to step S4 to 
repetitively execute data measurement and collection with 
respect to the frequency fk at a single measuring point, if 

jQ necessary. In addition, if a data output request is provided 
from an operator through the panel input key 6 (FIG. 1) to 
the measurement apparatus before the measurement mode is 
terminated, the request is detected by the CPU 7, and 
responsively, measured data so far stored in the RAM 82 

^5 may be outputted through the external interface 11 to an 
external printer (not shown) or the like to terminate the 
measurement mode. Furthermore, the setting of the carrier 
number k at step SI can be automatically changed among 
desired ones, so that measured data with respect to a 

20 plurality of carrier numbers can be automatically obtained 
by the measurement system. 

The RAM 82 is supplied with a time signal from the timer 
and calendar unit 9 in order to store a time (or date and time 
of a measurement) signal associated with measured data. 

25 The stored time signal is read from the RAM 82 and 
displayed on the display unit 10 together with measured data 
associated therewith. 

The operation of the measurement mode has been par- 
ticularly described above for the case where only numerical 

30 values of the measured data are displayed on the display unit 
10. Next, an operation of a measurement mode with a map 
display function will be described below with reference to 
FIGS. 3 and 4. FIG. 3 shows a flowchart of a process of the 
measurement mode with the map display function and FIG. 

35 4 illustrates an image displayed on the screen of the display 
unit 10. Map data has already been produced by scanning 
desired maps and stored in the ROM 81 or RAM 82 in the 
memory unit 8. Alternatively, map data produced by scan- 
ning may be stored in an external floppy disk (not shown) or 

40 the like and they can be read therefrom to display on the 
display unit 10. 

The measurement mode with the map display function 
includes the following four modes (a)-{d): 
(a) Measuring Point Plot (Data Measurement) Mode: 

45 A measuring point mark (#) is placed at a point clicked 
on a displayed map on the display unit 10, and CD-ID data 
and RSSI data are measured and stored in the RAM 82 at 
addresses corresponding to the coordinates of the clicked 
point on the map. 

50 (b) Cell Station Plot Mode: 

A cell station mark (A) is placed on a point clicked on a 
displayed map on the display unit 10, and CS-ID data of the 
cell station, which is inputted by an operator through 
manipulations on the panel input key 6, is stored in the RAM 

55 82 at an address corresponding to the coordinates of I he 
clicked point on the map. 

(c) Plot Confirmation Mode: 

CS-ID data and RSSI data are read from addresses in the 
RAM 82 corresponding to the coordinates of a point clicked 
60 on a displayed map, and displayed on the display unit 10. 

(d) Plot Deletion Mode: 

CS-ID data and RSSI data are deleted from addresses in 
the RAM 82 corresponding to the coordinates of a point 
clicked on a displayed map, and a measuring point mark (•) 
65 at the clicked point is also deleted from the displayed map. 

Referring now to FIG. 3 for explaining the operation of 
the measurement mode with the map display function in 
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detail, at step SIO, data of a map (map data) including a Next, the flow proceeds from step S22 to step S23, where 

measuring point is first read from the ROM 81 and displayed the measured data are stored in a file as required, followed 

in a first area or block Bl on the screen of the display unit by the termination of the measurement mode with the map 

10, as illustrated in FIG. 4, It goes without saying that the display mode. 

displayed map can be scrolled in the horizontal and vertical 5 a third area or block B3 below the second block B2 on the 

directions on the screen. Then, the CPU 7 determines at screen illustrated in FIG. 4, is a portion for displaying a 

steps S11-S13 whether a mode currently set by an operator ^.^nu for prompting the operator to select one from the 

IS the cell station plot mode, the plot confirmation mode, or aformentioned four modes (aHd) in which the system is to 

the plot deletion mode. The flow proceeds to the measuring ooeraled 

point plot mode if the currently set mode is not any of the ,„ ^ . t j- 1 j j* . .u 

three modes 10 Next, a color display mode according to the present 

Wh^ ihfe cell station plot mode is set, this mode is ^"^^"^^ ^f" described with reference to FIGS 5-7. In 

executed at step S14 to place a cell station mark (A) on each ^^e color d^play mode, the measured data stored m the 

clicked point on the displayed map. as iUustrated in FIG. 4, «2 as descnbed above are analyzed to display the slate 

and to store CS-ID data (inputted by the operator) of the ceU o*" ^ ^-^^ ^^e screen of the display unit 10 in a 

station in the RAM 82 at an address corresponding 10 the readily understandable fashion using coloring. The color 

coordinates of the clicked point on the displayed map. display mode includes the following three modes: 

When the plot confirmation mode is set, this mode is (A) Communicable CeU Station Number Color Display 

executed at step S15 to read stored data (CS-ID data and Mode 

RSSI data) for a point clicked on the displayed map from the The number of receivable or communicable cell stations, 

RAM 82, and display the data in a second area or block B2 20 which includes zero, is displayed at each of all measuring 

(see FIG. 4) on the display unit 10. In this event, the cell points on the displayed map in a color corresponding to the 

station point on the displayed map having CS-ID data equal number. 

to the read one may be colored in accordance with the value (B) Particular Cell Station Color Display Mode 

of the associated read RSSI data. In the second block B2 Electric field strength of radio waves from a specified cell 

illustrated in FIG, 4, the date and time at which a measure- 25 station is displayed on the displayed map in a color corre- 

ment is made are displayed on the top, and the read RSSI sponding to the level of the electric field strength or RSSI, 

data and CS-ID data are displayed below the date and lime which includes zero, at each of all measuring points, 

in the block B2. The date and time information has been (C) Maximum Electric Field Strength Color Display Mode 

stored in the RAM 82, together with the CS-ID and RSSI A maximum value of electric field strength or RSSI at all 

data when the measurement is practiced. How to store the 30 measuring points is displayed on the displayed map in a 

measured data in the RAM 82 will be described later in color corresponding to the level of the RSSI, which includes 

connection with the measuring point plot mode. zero. 

When the plot deletion mode is set, this mode is executed Referring to FIG. 5, when the measuring point color 

at step S16 to erase stored data regarding a clicked point display operation is started it is determined at steps S24 and 

having a measuring point mark (•) on the displayed map 35 S25 whether a current mode is the particular cell station 

from the RAM 82 and the measuring point mark at the color display mode or the maximum field strength color 

clicked point from the displayed map. display mode. If it is determined that the current mode is not 

When any of the cell station plot mode, the plot confir- either of them, the receivable station number color display 

mation mode, and the plot deletion mode is not currently .set, mode is executed at and subsequent to step vS26. For 

the CPU 7 determines that the currently set mode is the 40 executing this mode, the CPU 7 sets i to one (i«l) at step 

measuring point plot mode and executed the processing at S27, and reads from the RAM 82 measured data at a 

and subsequent to step S17, In the measuring point plot measuring point PI from all measuring points Pi (i-1.2, . . . 

mode, the measuring section, i.e., the tuner unit 2, the level , n) at which measurements have been made, 

measuring detector 3, and the CS-ID demodulator unit 4 are Then, at step S29, CS-ID data in the read measured data 

instructed to start a measuring operation at step S18, 45 arc counted to see how many CS-ID data arc included in the 

whereby the measurement flow as explained in connection read measured data. Accordingly, the number of cell stations 

with FIG. 2 is started. In this event, the process comprising transmitting radio waves which can be received at the 

steps S1-S6 in FIG. 3 is executed at step S19 to detect measuring point PI is delected. At step S30, the measuring 

CS-ID data and RSSI data of signals received at the current point PI on a displayed map is marked in a color set in 

location on the earth, and it is determined at step S20 50 accordance with the count value. The number of communi- 

whether or not a point is clicked on the displayed map. If no cable cell stations, which include zero and the color to be 

point is clicked, the flow returns to step SI 9 to repeat this marked correspond as illustrated in a table shown in the 

step. In other words, the measuring unit measures the CS-ID block of step S30, for instance. This table has been previ- 

data and RSSI data, and if nec-essary, it measures them while ously stored in the ROM 81 (or the RAM 82) such that the 

scanning or renewing channel frequencies, 55 CPU 7 refers to the table to place a color mark on an 

When the operator clicks a point on the displayed map associated measuring point. For example, when the number 

representing the current measuring location, the flow pro- relating to the point PI is 10, purple is marked at the point 

cccds from step S20 to step S21 where a measuring point PI on the displayed map. 

mark (•) is placed at the clicked point on the displayed map. Next, the flow proceeds to step S31, where it is deter- 
Then, the flow proceeeds to step S22, where the measured 60 mined whether or not data at all the measuring point have 
data (i.e., RSSI data and CS-ID data) are stored in the RAM been read, i.e., it is determined whether or not i<n is 
82, At step S7 in FIG. 2, such measured data are stored in satisfied. If i is smaller than n, i is incremented by one 
the RAM 82 in relation to position data of a measuring point (i»i+l) at step S32, followed by returning to step S28, where 
inputted by the operator. However, in the measuring point measured data at a next measuring point P2 is read, 
plot mode, the measured data are automatically stored in the 65 Similariy, the measuring point P2 on the displayed map is 
RAM 82 at addresses corresponded to the coordinates of the colored corresponding to the number of communicable cell 
clicked point on the displayed map. stations. 
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The processing as described above is repeated until it is 
determined at step S31 that i is not smaller than n, i.e., i-n 
is satisfied, followed by the termination of the communi- 
cable cell station number color display mode. 

If it is determined at step S24 that the measuring point 
color display mode is the particular cell station color display 
mode, the flow proceeds to steps S33 through S40 illustrated 
in FIG. 6. In the particular cell station color display mode, 
the operator clicks the position of a cell station on a 
displayed map for specifying it at step S34, and CS-ID data 
associated with the specified cell station are read from the 
RAM 82, and displayed in the second block B2 on the screen 
of the display unit 10 at step S35. It should be noted that the 
CS-ID data associated with respective cell stations have 
been stored in the RAM 82 by the cell station plot mode in 
the measurement mode. 

Then, the CPU 7 sets i to 1 (i=l) at step S36, and reads 
stored data at a measuring point Pi=Pl from the RAM 82 at 
step S37. Next, at step S38, the CPU 7 extracts RSSI data 
accompanied with the CS-ID data of the cell station speci- 
fied at step S35 from the read data, and marks the measuring 
point PI on the displayed map in a color corresponding to the 
level of the RSSI data. The correspondence between the 
RSSI level (including zero) and color is shown, for example, 
as a table in the block of step S35 in FIG. 6. Such a 
correspondence table has been previously stored in the ROM 
81 (or the RAM 82). It should be noted that the "0" of the 
RSSI data means no CS-Id data. Thus, the CPU 7 can 
specify a color by referring to this correspondence table, and 
can mark in the specified color. 

Subsequently, i<n is determined at step S39, and i is 
incremented by one at step S40, followed by the flow 
returning to step S37. Similarly, RSSI data regarding mea- 
suring points Pi (i=2, 3, . . . , n) are read from the RAM 82 
and displayed in colors corresponding to the levels of the 
RSSI data at the point Pi on the displayed map. If it is 
determined at step S39 that i is not smaller than n, i.e., i=n 
is satisfied, the particular cell station color display mode is 
terminated. 

When the maximum electric field strength color display 
mode is currently set, the process flow goes from step S25 
in FIG, 5 to step S41 in FIG. 7, and the maximum electric 
field strength display processing is executed as shown in 
FIG. 7. In this mode, the CPU 7 first sets i to 1 (i-l) at step 
S42, and reads all stored data (all pairs of CS-ID and RSSI 
data) relating to a measuring point Pi«Pl on the displayed 
map from the RAM 82 at step S43. Then, at step S44, a 
maximum value is extracted from the RSSI data read from 
the RAM 82, and the measuring point PI on the map is 
marked in a color corresponding to the level of the maxi- 
mum value. Similarly to the particular cell station color 
display mode and the receivable station number color dis- 
play mode, the correspondence between the maximum elec- 
tric field strength level (including zero) and color has been 
previously stored in the ROM 81 (or the RAM 82), and an 
example thereof is shown in the block of step S44 in FIG. 
7. Thus, the CPU 7 can specify a color for a measuring point 
PI by referring to the table to mark it at the point PI. 

Subsequently, the flow returns to step S43 through steps 
S45, S46. By repeating the processing just described, all the 
measuring points Pl-Pn on the displayed map are marked in 
color corresponding to the maximum level of the electric 
field strength of the signal receivable at the measuring points 
Pl-Pn, respectively. 

In the description given above, electric field strength of 
radio waves transmitted from PHS cell station is measured 
at an arbitrary measuring location, and analyzed to display 
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the measured CS-ID and RSSI information on the display 
unit. However, the present invention is not Umited to apply 
to only the PHS but also any other system as long as radio 
transmission sources in the system transmit radio waves 
including their identification code information. In addition, 
in the processing flows for the respective modes, the steps 
may be exchanged as required. 

The system as described above at any measuring location, 
allows for automatic and easy measurements and collection 
of electric field strength data of radio waves received at the 
measuring location together with transmission source ID 
data. Particularly, in the system provided with the map 
display function, by clicking a measuring point on an 
electrically displayed map by a pen or the like, which 
coincides with the measuring location (or the system 
location), the measured data associated with the measuring 
point can be automatically stored in the RAM, or readily 
retrieved and displayed, thereby significantly improving the 
working efficiency of the measurement. 

Also, according to the present invention, the measured 
and collected data is processed to display the number of cell 
stations which transmit radio waves receivable at each 
measuring point, electric field strength of radio waves trans- 
mitted from a particular cell station and received at each 
measuring point, and a maximum electric field strength at 
each measuring point, in respectively corresponding colors, 
so that the state of a service area can be extremely easily 
revealed on the spot without bringing measured data back to 
the office or the like for analysis. 

In addition, if a liquid crystal display is employed as the 
display unit, the present invention can be largely reduced in 
size. High portability is quite important for a measuring 
system such as the one provided by the present invention 
because it must be carried to a variety of field points. 

It is further understood by those skilled in the art that the 
forgoing description are preferred embodiments of the 
present invention and that various changes and modifica- 
tions may be made without departing from the spirit and 
scope of the invention. 

What is claimed is: 

1. A system for measuring electric field strength of radio 
waves transmitted from cell station and arriving at an 
arbitrary measuring location, comprising: 
identification code detecting means for detecting cell 
station identification (CS-ID) codes included in respec- 
tive radio waves received at a measuring location, each 
CS-ID code representing a cell station that transmitted 
the radio waves associated with the CS-ID code, 
respectively; 

electric field strength detecting means for detecting elec- 
tric field strength (RSSI) of radio waves associated with 
the CS-ID codes; 

storage means for storing CS-ID codes and associated 
RSSI data detected by the identification code detecting 
means and the electric field strength detecting means, 
together with information identifying the measuring 
location; 

display means for displaying CS-ID codes and RSSI data 
from the storage means on a display screen in associa- 
tion with information indicative of the measuring loca- 
tion; and 

control means for controlling operations of the identifi- 
cation code detecting means, the electric field strength 
detecting means, the storage meaas, and the display 
means, 

wherein: 
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the storage means has previously stored image data 
representing a map including the measuring location, 
the map being displayed on the display means; 

the system is further adapted to execute a measuring point 
plot mode such that when a measuring point is desig- 
nated on the map displayed on the display means, the 
control means specifies addresses in the storage means 
corresponding to coordinates of the designated mea- 
suring point on the map to store all sets of CS -ID data 
and RSSI data at the specified addresses and places a 
measuring point mark at the designated measuring 
point on the map; and 

the system is further adapted to execute a plot deletion 
mode such that when a measuring point is designated 
on the map displayed on the display means, the control 
means specifies addresses in the storage means corre- 
sponding to coordinates of the designated measuring 
point on the map to erase the stored CS-ID data and 
RSSI data therefrom and deletes the measuring point 
mark on the map. 

2. A system according to claim 1, wherein the system is 
further adapted to execute a plot confirmation mode such 
that when a measuring point is designated on the map 
displayed on the display means, the control means specifies 
addresses in the storage means corresponding to coordinates 
of the designated measuring point on the map to read all the 
sets of CS-ID data and RSSI data from the designated 
addresses and controls to display the sets of the read CS-ID 
data and RSSI data on the display means. 

3. A system according to claim 1, wherein a measuring 
point or a position of a cell station on the map displayed on 
the display means is designated by clicking on the map. 

4. A system according to claim 1, wherein the display 
means comprises a liquid crystal display. 

5. A system according to claim 1, wherein the cell stations 
are those of a personal handy phone system. 

6. A system for measuring electric field strength of radio 
waves transmitted from cell stations and received at an 
arbitrary measuring location, comprising: 

identification code detecting means for detecting cell 
station identification (CS-ID) codes included in respec- 
tive radio waves received at a measuring location, each 
CS-ID code representing a cell station that transmitted 
the radio waves associated with the CS-ID code, 
respectively; 

electric field strength detecting means for detecting elec- 
tric field strength (RSSI) of radio waves associated with 
the CS-ID codes; 

storage means for storing CS-ID codes and associated 
RSSI data detected by the identification code detecting 
means and the electric field strength delecting means, 
together with information identifying the measuring 
location; 

di.splay means for displaying CS-ID codes and RSSI data 
from the storage means on a display screen in associa- 
tion with information indicative of the measuring loca- 
tion; and 

control means for controlling operations of the identifi- 
cation code detecting means, the electric field strength 
detecting means, the storage means, and the display 
means, 

wherein: 

the storage means has previously stored image data 
representing a map including the measuring location, 
the map being displayed on the display means; 

the system is further adapted to execute a measuring 
point plot mode such that when a measuring point is 
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designated on the map displayed on the display 
means, the control means specifies addresses in the 
storage means corresponding to coordinates of the 
designated measuring point on the map to store all 
sets of CS-ID data and RSSI data at the specified 
addresses and places a measuring point mark at the 
designated measuring point on the map; and 
the system is further adapted to execute a cell station 
plot mode such that when a cell station is designated 
on the map displayed on the display means, the 
control means specifies an address in the storage 
means corresponding to coordinates of the position 
of the designated cell .station on the map to store- 
CS-ID code indicative of the cell station in the 
specified address and places a cell station mark at the 
position of the cell station on the map. 

7. A system according to claim 6, wherein the system is 
fiirthcr adapted to execute a particular cell station color 
display mode such that when the position of a cell station is 
designated on the map displayed on the display means, the 
control means specifies an address in the storage means 
corresponding to the coordinates of the position of the 
designated cell station on coordinates of the position of the 
designated cell station on the map to read the CS-ID data 
indicative of the designated cell station therefrom, specifies 
addresses in the storage means corresponding to the coor- 
dinates of all the measuring points on the map on the display 
means to read the RSSI data therefrom, and extracts only the 
RSSI data paired with the read CS-ID data to mark the 
associated measuring points on the map in colors corre- 
sponding to the value of the RSSI data, so as to display the 
electric field strength of receivable radio waves transmitted 
from the designated cell station in the colors. 

8. A system for measuring electric field strength of radio 
waves transmitted from cell stations and received at an 
arbitrary measuring location, comprising: 

identification code detecting means for detecting cell 
station identification (CS-ID) codes included in respec- 
tive radio waves received at a measuring location, each 
CS-ID code representing a cell station that transmitted 
the radio waves associated with the CS-ID code, 
respectively; 

electric field strength detecting means for detecting elec- 
tric field strength (RSSI) of radio waves associated with 
the CS-ID codes; 

storage means for storing CS-ID codes and associated 
RSSI data detected by the identification code detecting 
means and the electric field strength detecting means, 
together with information identifying the measuring 
location; 

display means for displaying CS-ID codes and RSSI data 
from the storage means on a display screen in associa- 
tion with information indicative of the measuring loca- 
tion; and 

control means for controlling operations of the identifi- 
cation code detecting means, the electric field strength 
detecting means, the storage means, and the display 
means, 

wherein: 

the storage means has previously stored image data 
representing a map including the measuring location, 
the map being displayed on the display means; 

the system is further adapted to execute a measuring 
point plot mode such thai when a measuring point is 
designated on the map displayed on the display 
means, the control means specifies addresses in the 
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Storage means corresponding to coordinates of the 
designated measuring point on the map to store all 
sets of CS-ID data and RSSI data at the specified 
addresses and places a measuring point mark at the 
designated measuring point on the map; and 5 
the system is further adapted to execute a communicable 
cell station number color display mode such that the 
control means specifies addresses in the storage means 
corresponding to coordinates of all the measuring 
points on the map on the display means to read the 
CS-ID data stored therein, counts the number of the 
read CS-ID data for each measuring point, and marks 
the measuring points on the maps in colors correspond- 
ing to counted values, respectively, so as to display the 
numbers of communicable cell stations at the measur- 
ing points in the colors. 

9. A system for measuring electric field strength of radio 
waves transmitted from cell stations and received at an 
arbitrary measuring location, comprising: 

identification code detecting means for detecting cell 
station identification (CS-ID) codes included in respec- 20 
tive radio waves received at a measuring location, each 
CS-ID code representing a cell station that transmitted 
the radio waves associated with the CS-ID code, 
respectively; 

electric field strength detecting means for detecting elec- 25 
trie field strength (RSSI) of radio waves associated with 
the CS-ID codes; 

storage means for storing CS-ID codes and associated 
RSSI data delected by the identification code detecting 
means and the electric field strength detecting means, 30 
together with information identifying the measuring 
location; 

display means for displaying CS-ID codes and RSSI data 
from the storage means on a display screen in associa- 
tion with information indicative of the measuring loca- 
tion; and 

control means for controlling operations of the identifi- 
cation code detecting means, the electric field strength 
detecting means, the storage means, and the display 
means, 40 

wherein: 

the storage means has previously stored image data 
representing a map including the measuring location, 
the map being displayed on the display means; 
the system is further adapted to execute a measuring 45 
point plot mode such that when a measuring point is 
designated on the map displayed on the display 
means, the control means specifies addresses in the 
storage means corresponding to coordinates of the 
designated measuring point on the map to store all 50 
sets of CS-ID data and RSSI data at the specified 
addresses and places a measuring point mark at the 
designated measuring point on the map; and 
the system is further adapted to execute a maximum 
electric field strength color display mode such that the 55 
control means specifies addresses in the storage means 
corresponding to the coordinates of all the measuring 
points on the map on the display means to read the 
RSSI data stored therein, and detects a maximum value 
of the read RSSI data for each measuring point, and 60 
marks the associated measuring points on the map in 
colors corresponding to the delected maximum values, 
so as to display the maximum electric field strength at 
the measuring points in the colors. 

10. A method of measuring electrical field strength of 65 
radio waves transmitted from cell stations and received at an 
arbitrary measuring location, comprising the steps of; 
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delecting cell station identification (CS-ID) codes 
included in respective radio waves received at a mea- 
suring location, the CS-ID codes representing cell 
stations which transmit the radio waves, respectively; 

detecting electric field strength (RSSI) of the received 
respective radio waves; 

storing all sets of the CS-ID data and associated RSSI data 
detected at each of measuring locations, in addresses 
corresponding to the measuring location of storage 
means having previously stored image data represent- 
ing a map including the measuring location; 

displaying all sets of the CS-ID data and RSSI data read 
from the storage means on a display means in associa- 
tion with information indicative of the measuring loca- 
tion; 

reading the image data from the storage means and 

displaying the map on the display means; 
plotting a measuring point by: 
setting a measuring point plot mode, 
designating a measuring point on the map displayed on 

the display means, and 
placing a measuring point mark at the designated 

measuring point on the map, 
wherein the steps of storing the CS-ID data and the 
RSSI data and displaying them are executed when 
the measuring point is designated on the map; and 
deleting a measuring point by: 
setting a plot deletion mode; 

designating a measuring point on the map displayed on 
the display means; 

specifying addresses in the storage means correspond- 
ing to coordinates of the designated measuring point 
on the map to erase the stored CS-ID data and RSSI 
data therefrom; and 

deleting the measuring point mark on the map. 

11. A method according to claim 10, ftirther including 
confirming a plot by: 

setting a plot confirmation mode; 

designating a measuring point on the map displayed on 

the display means; 
specifying addresses in the storage means corresponding 

to coordinates of the designated measuring point on the 

map to read all the sets of CS-ID data and RSSI data 

from the designated addresses; and 
displaying the sets of the read CS-ID data and RSSI data 

on the display means. 

12. A method according to claim 10, wherein a measuring 
point or a position of a cell station on the map displayed on 
the display means is designated by clicking on the map. 

13. A method according to claim 10, wherein the display 
means comprises a liquid crystal display. 

14. A method according to claim 10, wherein the cell 
stations are those of a personal handy phone system. 

15. A method of measuring electrical field strength of 
radio waves transmitted from cell stations and arriving at an 
arbitrary measuring location, comprising the steps of: 

delecting cell station identification codes (CS-ID) 
included in respective radio waves received at a mea- 
suring location, the CS-ID codes representing cell 
stations which transmit the radio waves, respectively; 

delecting electric field strength (RSSI) of the received 
respective radio waves; 

storing all sets of the CS-ID data and associated RSSI data 
delected at each of measuring locations, in addresses 
corresponding to the measuring location of storage 
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means having previously stored image data represent- 
ing a map including the measuring location; and 
displaying all sets of the CS-ID data and RSSI data read 
from the storage means on a display means in associa- 
tion with information indicative of the measuring loca- 5 
tion; 

reading the image data from the storage means and 

displaying the map on the display means; 
plotting a measuring point by: 

setting a measuring point plot mode, 

designating a measuring point on the map displayed on 
the display means, and 

placing a measuring point mark at the designated 
measuring point on the map, 
plotting a cell station by: 

setting a cell station plot mode; 

designating a cell station on the map displayed on the 
display means; 

specifying an address in the storage means correspond- 20 
ing to coordinates of the position of the designated 
cell station on the map to store CS-ID code indica- 
tive of the cell station in the specified address; and 

placing a cell station mark at the position of the cell 
station on the map. 25 

16. A method according to claim 15, further including the 
steps of: 

setting a particular cell station color display mode; 
designating a cell station on the map displayed on the 

display means; 
specifying an address in the storage means corresponding 

to the coordinates of the position of the designated cell 

station on the map to read the CS-ID data indicative of 

the designated cell station therefrom; 
specifying addresses in the storage means corresponding 

to the coordinates of all the measuring points on the 

map on the display means to read the RSSI data 

therefrom; 

extracting only the RvSSl data paired with the read CS-ID 40 
data; and 

marking the associated measuring points on the map in 
colors corresponding to the value of the extracted RSSI 
data, so as to display the electric field strength of 
receivable radio waves transmitted from the designated 45 
cell station in the colors. 

17. A method of measuring electrical field strength of 
radio waves transmitted from cell stations and arriving at an 
arbitrary measuring location, comprising the steps of: 

detecting cell station identification codes (CS-ID) 
included in respective radio waves received at a mea- 
suring location, the CS-ID codes representing cell 
stations which transmit the radio waves, respectively; 

detecting electric field strength (RSSI) of the received 
respective radio waves: 

storing all sets of the CS-ID data and associated RSSI data 
detected at each of measuring locations, in addresses 
corresponding to the measuring location of storage 
means having previously stored image data represent- 
ing a map including the measuring location; and 

displaying all sets of the CS-ID data and RSSI data read 
from the storage means on a display means in associa- 
tion with information indicative of the measuring loca- 
tion; 
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reading the image data from the storage means and 

displaying the map on the display means; 
plotting a measuring point by: 
setting a measuring point plot mode, 
designating a measuring point on the map displayed on 

the display means, and 
placing a measuring point mark at the designated 
measuring point on the map, 
displaying numbers of communicable cell stations by: 
setting a communicable cell station number color dis- 
play mode; 

specifying addresses in the storage means correspond- 
ing to coordinates of all the measuring points on the 
map on the display means to read the CS-ID data 
stored therein; 
counting the number of the read CS-ID data for each 

measuring point; and 
marking the measuring point on the maps in colors 
corresponding to counted values, respectively, so as 
to display the numbers of communicable cell stations 
at the measuring points in the colors. 
18. A method of measuring electrical field strength of 
radio waves transmitted from cell stations and arriving at an 
arbitrary measuring location, comprising the steps of: 
detecting cell station identification codes (CS-ID) 
included in respective radio waves received at a mea- 
suring location, the CS-ID codes representing cell 
stations which transmit the radio waves, respectively; 
detecting electric field strength (RSSI) of the received 

respective radio waves; 
storing all sets of the CS-ID data and associated RSSI data 
detected at each of measuring locations, in addresses 
corresponding to the measuring location of storage 
means having previously stored image data represent- 
ing a map including the measuring location; and 
displaying all sets of the CS-ID data and RSSI data read 
from the storage means on a display means in associa- 
tion with information indicative of the measuring loca- 
tion; 

reading the image data from the storage means and 

displaying the map on the display means; 
plotting a measuring point by: 

setting a measuring point plot mode, 

designating a measuring point on the map displayed on 

the display means, and 
placing a measuring point mark at the designated 
measuring point on the map, 
plotting maximum electric field strength by: 

setting a maximum electric field strength color display 
mode; 

specifying addresses in the storage means correspond- 
ing to coordinates of all the measuring points on the 
map on the display means to read the RSSI data 
stored therein; 

detecting a maximum value of the read RSSI data for 
each measuring point; and 

marking the associated measuring points on the map in 
colors corresponding to the detected maximum 
values, so as to display the maximum electric field 
strength at the measuring points in the colors. 
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